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Summary

The unpigmented nitrocellulose which is usea in various non-explosive
industrial applications is exempted from all the current explosive regulations.
A review has been made of these regulations and their present application.
Over the period 1965 to 1967, 23 samples of powder were received from industry
by E2 (Home Office) Branch, R.A.R.D.E. and examined. All samples were considered
to possess explosive properties to varying degrees, although some were known to be
unrepresentative of norma: commercial production.

Some of the factors thought to control hazard risk in these materials
are discussed and recommendations are made for further work.
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1. LNTRODUCTION

1.1 Historical

Nitrocellulose has for the past hundred years formed an active
constituent of military and civil explosives. It is normally prepared by the
nitration of cellulose such as cotton linters, wood pulp or straw. By con-
trolling the nitration process it is possible to produce a range of materials
whose nitrogen content varies from a fully nitrated cellulose (13.2 to 13.4%
nitrogen) to a partially nitrated cellulose with nitrogen content less than
11%. Nitrocellulose finds uses in industry other than for explosives manu-
facture and in general this type of material, corresponding to the partially

nitrated material, is loosely termed "collodion cotton". Collodion cotton
is still a nitrocellulose and as such is subject(to all restrictions of the
Explosives Acts of 1875 and 1923 where it is listed as an explosive in
Division 2 of Class 3. This Class refers to the Nitro-compound type of
explosive and is subdivided into Division 1 - liquid nitro-compounds - and
Division 2 - solid nitro-compounds. In the Notes to Section 3 of the Guide

to the Act (i) collodion cotton is defined as a nitrocellulose which contains
less than 12.3% nitrogen; additionally not less than 85% of collodion cotton
must be soluble in ether and alcohol. Since the "non-explosiva" application
of nitrocellulose reached considerable proportions, the Notes to the Act
referred to above state that under certain circumstances, collodion cotton
may be regarded as being exempted from the explosiyes restrictions. These
conditions are provided when the collodion cotton has been desensitised as
follows:-

.... (a) In solation

(b) Uniformly mixed with not less than one-third of its I
weight of one of the following liquids:

(i) Calcium chloride solution
(ii) Water
(iii) Benzene
(iv) Butyl alcohol
(v) Iso-propyl-alcohol
(vi) Methylated spirit
(vii) Methylated Ppirit and Xylol in equal parts
(viii) Naphtha, heavy solvent
(ix) Toluol
(x) Xylol free from pyridine.

Provided that in the case of liquids (iii) to (x) inclusive the
contaifierb re aii-tightcand'wek enough' toroteho-taorrbeloweaof
pressure of 200 psi or alternatively fitted with a bursting disc
or other device which will act at or below a pressure of 200 psi.

(o) Gelatinised, the product consisting of 82 parts collodion
cotton and not less than 18 parts of di-butyl phthalate,
tricresyl phosphate or mixtures of these substances with and
without castor oil.

If other substances are required for either (b) or (c),
reference should be made to Her ajesty's Inspectors of
Explosives ...."



All these limits which at present de^ine the conditions under which
collodion cotton or industrial nitrocellulose as it is normally termed, may be
exempted from explosives restrictions, appear to have been determined largely
by the industrial requirements of the day rather than on the basis of experimen-
tally evaluating hazard.

Incidentally although for very many years after the passage of the
Explosives Acts, the major proportion of industrial nitrocellulose was processed
into celluloid or nitrate film, neither of these materials are mentioned in the
Notes to the Explosives Acts (1), and camphor, which was the main desensitising
and gelatinising agent, is not named as an approved plasticiser.

Following a series of disastrous fires involving nitrocellulose and
its products, some controls were established through the mechanism of the
Factories Acts. Over the period 1928 to 1939 a series of Statutory Regulations
were effected which empowered HM Inspectors of Factories or Local Authority
Inspectors to exercise control over premises where nitrocellulose products
were stored or processed.

1.2 Transportation regulations

On the European Continent the transportation of nitrocellulose and its
products are subjecteto control on an international basis. Road transport is
covered by the "European Agreement concerning the international carriage of
dangerous goods by road (ADR)" (2). Rail transport is covered by the "Inter-
national Convention concerning the carriage of goods by rail (RID)" (3).
Highly nitrated cellulose (gun cotton) and weakly nitrated cellulose (collodion
cotton) are classified as explosives and placed in Class la of the respective
regulations. Collodion cotton is defined both by ADR and RID as being nitro-
cellulose whose nitrogen content does not exceed 12.6%. There is also a
general requirement on all nitrocellulose which is subject to these regulations,
that it must be stable. A minimum level of "stability" is assured by subjecting
the nitrocellulose to a specified heat test. Provided collodion cotton is
suitably desensitised it may be categorised in Class III of ADR and RID, ie
the highly inflammable substances class. If the nitrocellulose is in solution
of an inflammable solvent, it is categorised in Class lMla, the hazard rating
of the inflammable liquid. If the nitrocellulose is damped with water or
other specified liquids (eg methylated spirit, ethyl alcohol, xylol) or
plasticised with a non-volatile material (eg dimethyl, dibutyl or dicyclochexyl
phthalate) it is categorised as an inflammable solid, ie Class IlIb of ADR and
RID.

Within the United Kingdcin carriage of dangerous goods by rail and
handling in docks and harbour is regulated by the British Transport Commission.
In a similar manner, transport of dangerous goods by sea and air is controlled
by the Board of Trade. Both of these bodies treat the hazard categorisation
of industrial nitrocellulose and its products in a similar but not identical
manner to that shown by ADR and RID. There are differences in detail for
example the Board of Trade define collodion cotton in terms of ADR and RID,
i- maximum nitrogen 12.6%: British Transport Commission fix the nitrogen
content at 12.34 maximum. Further differences arise if the nitr~cellulose is
desensitised with an in.-ammable liquid; in some instances it is categorised
for transportation pur;jses as a liquids~hazard, sometimes as a solids hazard.
At the present time there are no statutory regulations which control the
carriage of "non-explosive" nitrocellulose by road within the United Kingdom.

2.



The European transport regulations (ADR and RID) are now due for review. To
assist in this, discussions and laboratory studies are being held between
signatories to these Agreements and other interested countries including the
United Kingdom.

1.3 Current problems

For the first 60 to 70 years following the Explosives Acts, a large
proportion of industrial nitrocellulose went into the celluloid and nitrate
film industry, but starting from the 1914-18 war, the aircraft industry began
to consume large amounts in the form of adhesives for constructing air frames
and cellulose "dopes" for coating the fabric covers of air frames. A further
major industrial process involved the recovery of nitrocellulose from waste
celluloid and nitrate film.

Generally the plasticiser content of the finished product was within
the range 18 to 25% and the presence of pigment or other inorganic filler
assisted in the reduction of the fire and explosion hazard. With the advent of
relatively non-inflammable plastics in more recent years, there have been further
changes in the main industrial applications of nitrocellulose, the greatest
consumers now being the paint, lacquer and timber trades. Smaller quantities
find their way into the plastics, packaging and footwear trades. These changes
in the industrial usage of nitrocellulose have also been followed by decreasing
use of pigmented material. The desensitising action of plasticiser and pigment
are recognised in ADR and RID (4, 5) where certain nitrocellulose is classed as
non-hazardous.

Although industrial nitrocellulose represents a partially nitrated
cellulose and is required to be desensitiscd by inert materials, it remains a
highly inflammable substance. There have been many records of accidents where
industrial nitrocellulose has been involved in disastrous fires. In one case
involving a celluloid and waste film store, severe scorching of vegetation
demonstrated that the fire had "flashed" over 250 ft (75 m) from the source.
In another more recent accident in Tooting, London, I cwt (50 Kg) of plasticised
nitrocellulose became involved in a fire (6). The material was stored in a
disused air-raid shelter, a substantial brick and concrete structure 10 x 8 x 7 ft
(3.0 x 2.5 x 2.0 metres) built underground. An explosion followed which dis-
lodged and split the concfete roof.

From time to time samples of industrial nitrocellulose are submitted to
E2 ( Home Office) Branch, RARDE for examination. Some samples have been received
from industrial organisations in the United Kingdom via HM Inspectors of Factories;
other samples have been received via HM Inspectors of Explosives following
requests for specific importations of industrial nitrocellulose into this country.
Test data from samples received over the 3 years 1965 to 1967 have been collated
and with other associated investigations have formed the basis for this report.

2. SAMPLES

The samples of desensitised nitrocellulose examined in the report may
be divided into two groups. The larger group (13 samples) represent plasticised
material submitted to E2, RARDE for routine testing, either from HM Inspectors of
Factories or HM Inspectors of Explosives. The samples originated from various
manufacturers, both inside and outside the United Kingdom.
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The remaining 10 samples were supplied by one manufacturer of
industrial nitrocellulose. These samples were either eppecially prepared or
selected from current production and may not have represented the average type
of commercial product. Eight were plasticised with dibutyl phthalate and two
damped with isopropyl alcohol.

All samples were alleged to comply with the current United Kingdom
requirements by which the nitrocellulose was exempted from control under the
Explosives Acts regulations. The physical nature varied considerably and
photographs of typical specimens are given in Figures 1 to 5; these show the
samples in the form of flat sheet, curled sheet or flake, chip, spherical grain
or prill and crumb.

From discussions with industry and the Explosives Research and Develop-
ment Establishment, Waltham Abbey, it has been learned that the manufacture of
plasticised nitrocellulose is carried out by two processes, which by analogy
with propellant production may be termed (i) solvent, and (ii) solventless methods.
The solvent process is founded upon the Olin-Matheson or Dupont process for the
manufacture of nitrocellulose ball powder. Nitrocellulose (wet with water) is
dissolved in a suitable solvent; plasticiser is added and the solution dispersed
in an aqueous phase. Control of droplet size is important. Finally the solvent
is recovered by distillation leaving the spherical grain or prill of plasticised
nitrocellulose.

In the solventless process, the charge of plasticiser is added to a
water slurry of nitrocellulose. Following thorough agitation the solids are
filtered, dried and then hot-rolled so that the plasticiser may gelatinise the
nitrocellulose. The final form of the product, eg chip, flake, or sheet, depends
upon subsequent treatment.

Of the 21 samples of plasticised material examined in this report, the
5 prilled samples were prepared by the solvent process; the remainder were
prepared by the solventless or hot-rolling technique which is now generally
adopted withi- the United Kingdom.

3. TESTS

Tests originally devised at E2 (Home office) Branch, RARDE for
industrial explosives (7) have been extended to a variety of hazardous materials.
These include fertilisers based upon ammonium nitrate (8) and organic peroxides
(9). Recently the Cartridge Case Test (10) was used to examine detonability
of nitrocellulose samples. Routine tests which were applied to the nitro-
cellulose samples are listed in the following sub sections. Details of the
tests are given in the Appendix.

3.1 Analysis

3.1.1 Desensitiser content

The amount of desensitiser in the plasticised samples was determined
by extraction with boiling solvent. In the case of samples damped with iso-
propyl alcohol, the amount of desensitiser was determined by weight loss following
oven drying.

4.
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3.1.2 Nitrogen content

Nitrogen estimations were carried out on the samples which had
previously been extracted and dried, as in 3.1.1.

3.2 Sensitiveness

3.2.1 Sensitiveness to impact

This is the well-known fall-hammer or drop-weight test in which a
swall ample is struck an indirect blow when retained between an anvil and a
striker.

3.2.2 Sensitiveress to ignition

The sparks from the end of a length of Bickford Fuze are directed onto
the surface of the sample contained in a test tube.

3.3 Response to detonative shock

This test is carried out by firing 10 g charges in the Nk IIIc and the

Mk I Ballistic Mortars.

3.4 Response to ignition when confined

5 g of the sample is decomposed by a match-head igniter in a closed
vessel. This is the Tim/Pressure test.

3.5 Other tests

Other techniques were used to test selected samples. Since physical
factors appear to play an important role in defining the hazard properties of a
material, the physical form of some samples was examined by the following
techniques:-

(i) Gas flow permeability

(ii) Gas absorption (BET)

(iii) Heat of wetting

(iv) Microscopy

(v) Attempts were made to modify the surface
characteristics of samples of plasticised nitro-
cellulose by treating them with phthalate solutions. The
The sample was immersed at room temperature for 5
minutes in a solution of dibutyl phthalate in
methylene chloride. The liquid was decanted and
the sample dried at 600C. The normal analyses
were carried out and the treated material tested
in the Time/Pressure apparatus.

(vi) Firing trials were carried out on a sample of
plasticised nitrocellylose in a 12-bore gun. In these
tests the ballistic performance of the nitrocellulose

5.



was assessed in terms of propellants more usvally fired
in shot-guns. The assessment was obtained by comparing
the pattern of shot distribution produced on a hardboard
target set 30 ft (10 m) from the gun, when cartridges
containing identical weights of shot and propellant were
fired through the same gun barrel.

4. TEST DATA

4.1 Routine explosibility test results

All data are given in Tables I and 2 at the end of the report.
Table I deals with the routine test samples covering the period 1965 to 1967.
Table 2 contains the data obtained on the special samples A to J, which were
supplied by one manufacturer.

4.2 Measurements of grain

4.2.1 Gas flow pei.eabiljty

Results obtained from measurements carried out on plasticised nitro-
cellulose (15) are given in Table 3. Nitrocellulose in the form of chip,
flake or crumb did not lend itself to this treatment due to the great variation
between the shape and size of grains. All the samples in Table 3 were of

prilled material.

Table 3. Surface area measurements
on prilled nitrocellulose

Sample number (Table i)
Measurement

2 5 12 13
I

Retained B.S.)
10 mesh sieve) 4.5 nil 3.3 4.5

I Bulk density (g/cm 3 ) - 0.86 - 0.42

0 3
Apparent density (g/cm ) 1.05 1.36 0.69 0.70

Porosity C 0.369 0.386 0.385 0.397

pore volume
The porosity of the flow bed e is given by bed volume.

Attempts to measure internal surfaces og grains by liquid intrusion
under vacuum were not successful since all values of density obtained came
within the range 1.45 to 1.50 g/cm 3 , which corresponds to the absolute
density of plasticised nitrocellulose. Permeability measurements using

6.



liquid flows were also unsuccessful as the fluids normally used for this
technique were found to leach out plasticiser from the sample bed.

4.2.2 Gas adsorption (MT)

Attempts to measure internal surface of various types of plasticised
nitrocellulose by JT at the Chemical Defence Establishment, Porton (16) proved
unsuccessful due to slow vapourisation of plasticiser from the sample when the
surfaces were being outgassed.

4.2.3 Heat of wetting

Results of measurements carried out on two samples of plasticised
chip at Porton (16) are given in Table 4.

Table 4. Heats of wetting for plasticised NC chips

Heat of ietting
Sample No. Cal/g

3 2.2

7 34

The samples were dried over phosphorous pentoxide then wetted with
methanol. In both samples there was initial rapid heat release which indicated
that appreciable absorption had occurred; this was followed by a relatively
slow heat release indicating that some solvent action war occurring.

4.2.4 Microscopy

Photomicrographs of plasticised nitrocellulose are shown in Figures 6
to 10. The grains have been fractured to show the nature of the internal
structure at a magnification of X15. Figures 6 to 9 are of chip or flake and
Figure 10 is of a prilled nitrocellulose.

4.2.5 Effects of added phthalate

A sample which was known to be a fast burner (sample 8 Table 1) was
treated with various solutions of dibutyl phthalate in methylene chloride.
Details of the treatment and of subsequent tests are given in Table 5 below.
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Table 5. Effects of added phthalate

Test data on treated sample
Expt %ephthsate in
No. solution phthalate Time/Pressure Impact

content % (m sec) (in)

1. % 31.1 52 21

2. 10% 20.0 7

3. 16% 18.9 8

4. 20% 20.0 9
5. 25% 23.5 15

6. Untreated sample 16.0 4.5 15
kNo.8 Table 1)

4.2.6 Tests in 12-bore shotgun

Photographs of the targets showing shot pattern and penetration
effects are given in Figures 11 to 15. The "a" series show the front of the
targets and give the general pattern of shot spread; the "b" series show the
rear face of the targets and provide a measure of shot penetration. The
results are summarised in Table 6 below.
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Table 6. Tests in 12-bore shotgun

Round Details of propellant charge Target effect and shot pattern

1. 2.4 g Sporting Powder Penetration and heavy shot
(Reference Caktflft4) pattern over 4" dia.

Irregular hole 1"-2" diam.

2. 2.4 g Gunpowder G.20 Penetration and shot pattern
over 6" diam.

3. 2.4 g Nitrocellulose No effective penetration -
Sample E. Table 2. charge partially burned.

4. 0.3 g Gunpowddr G.40 No effective penetration.

5. 2.1 g Sample B primed) Penetration and heavy shot
0.3 gn G.40 ) pattern over 4" diam.

Irregular hole 1"-2" diam.

Notes To obtain the necessary loading density, nitrocellulose Sample E

was ground to pass a 12 wesh BS sieve.

5- DISCUSSION

5.1 Factors influencing the explosive combustion of commercial nitrocellulose

It has long been recognised in the United Kingdom and in Europe that
the degree of explosiveness of commercial nitrocellulose was largely dependent
upon the following factors:-

Ll

(i) nitrogen content of the constituent nitrocellulose

(ii) the amount of plasticiser in a plasticised nitrocellulose
or the amount and type of damping fluid in a damped nitrocellulose.

In more recent years it has been thought that there were other factors
which had a bearing upon the degree of fire and explosion hazard presented by
such material. These include:-

(iii) the distribution of nitrogen in the cellulose, ie the
degree of homogeneity of the nitration process

(iv) the type of plasticiser

(v) the degree of gelatinisation of the nitrocellulose
by the plasticiser

(vi) the physical form of the plasticised nitrocellulooe,
ie chip, flake, prill, etc.
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All these factors require a close examination in order that their relative
importance may be assessed. Unlike the extensive investigations which have
been carried out on the burning characteristics of propellants, where a high
combustion performance is required, comparativelr little work has been under-
taken on commercial nitrocellulose where to minimise the risk of explosive
deflagration a low combustion performance is to be preferred. In the foDltiing
sections the results which have been obtained on commercial nitrocellulose
samples are examined to find out if the factors listed above are significant.

5.2 Effect of nitrogen content

5.2.1 Nitrogen content of constituent nitrocellulose

In the plasticised samples the nitrogen content of the constituent
nitrocellulose varied from 10.6 to 11.6%. The influence of this variation upon
the "explosiveness" of the samples has been examiiied by considering those tests
in Tables 1 and 2 for which there were a reasonable number of experimental data,
ie Impact Sensitiveness, Ballistic Mortar Wk IlIc and Time/Pressure. There was
considerable variation of test data but there was no trend discernible to link
test performance with the nitrogen content of the constituent nitrocellulose.
All samples were sensitive to impact. The values varied considerably.

Ballistic Mortar and Time/Pressure data exhibited more than a 10-fold
variation in values, which by their random behaviour showed that factors other
than nitrogen content appeared to be playing a great part in controlling the
explosive and combustion performance of the samples.

5.2.2 Total nitrogen in sample

By considering total nitrogen in the sample in conjunction with its
combustion and explosive characteristics, some discernible trends were apparent.
In Figures 16, 17 and 18 the total nitrogen has been plotted against impact,
ballistic mortar and time/pressure respectively. Figure 16 shows that in
general a random variation appeared to exist between impact sensitiveness and
the total nitrogen content of the sample. The samples from Table I gave
values within the range 15 to 30 in, corresponding to the degree of sensitiveness
shown by blasting gelatine containing 90% nitroglycerine. All samples from
Table 2 gave values ranging from 30 to 43 in. The samples in Table I represented
products from several manufacturers, while all those in Table 2 were produced by
another single manufacturer. The difference in sensitiveness values between the
two groups indicates that even though total nitrogen content of the sample may
exert some influence upon impact sensitiveness, the differences in production
tdchnique between one manufacturer and another appear to exert an equal if not
greater influence upon the impact sensitiveness.

Figure 17 shows that there is a discernible pattern linking ballistic
mortar values with total nitrogen. This is not unexpected since within certain
limits, explosion power as measured by the Ballistic Mortar Mk IlIc is known to
be largely independent of the physical form of the sample and mainly dependent
upon the total chemical energy available. With nitrocellulose samples, this
corresponds to the amount of nitrate grouping present in the sample as tested,
ie total nitrogen. Thus explosive power tends to increase with increasing
total nitrogen.
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In general there is no discernible pattern linking Time/Pressure
results with total nitrogen (Fig 18). This is not unexpected in that a
combustion process, eg such as occurs in the Time/Pressure test, is very
dependent upon surface effects. Therefore with this type of test, the
effects due to nitrogen content are masked by variations in the physical form
of the nitrocellulose, since the samples consisted of flat sheet, curled flake,
chip, prill and crumb. A limited correlation may be demoLstrated by replotting
some of the data from Figure 18 as shown in Figure 19. Only those samples made
by the solventless process and containing less than 23% plasticiser were selected.
The trend of the Time/Pressure data shows that with increasing nitrogen content,
the rate of burning increases.

5.3 Effect of plasticiser content

Data from Table 5 has been plotted in Figure 20. The curve shows
that for this particular sample, which was especially treated with various amounts
of phthalate, the rate of burning was significantly reduced by increased phthalate
content. However the general effect from all samples indicates that factors
other than phthalatd content have exerted great influence upon the explosibility
characteristics of the material as measured by these tests. For example, data

relating to Time/Pressure performances are giren in Table 7 below.

Tablb 7

Analysie %

Sample ATime/PressureSample(m see)

Nitrogen Phthalate

Expt I from Table 5 11.4 31.1 52

Ref B from Table 2 11.4 30.2 4.8

These demonstrate that for samples of plasticised nitrocellulose of
almost identical composition, the rate of burning can be made to vary by a
factor XIO.

5.4 Effect of grain struct re

From 5.2 and 5.3 above It is apparent that while total nitrogen and
plastioiser content may exert some control over the explosion and combubtion
properties of plasticised nitrocellulose, there are other factors which appear
to exert even more influence. (This conclusion is reached because the usual
plasticised material contains between 18 and 20% phthalate and this is considered
insufficient to effect complete gelatiniaation unless a very extensive hot-rolling
technique was applied. In this country it is common industrial ractice for
9theriCqasons to restrict the degree of hot-rolling). Since all plasticised
industrial nitrocellulose made in the United Kingdom is now produced by the
solventless technique and since the bulk of such product contains less than
20% plasticiser, it may be assumed that a large proportion of all such material
remains ungelatinised, ie fibrous in nature. This assumption was demonstrated
by (i) the microscopy studies and (ii) the heat of wetting experiments.



5.4.1 MicroscoV studies

In the photomicrographs 6, 7 and 9 all the samples of chip and flake
exhibited an internal structure which was fibrous; externally the surface
generally appeared smooth but at times a cellular pattern could be identified.
The manner in which degree of 'fibrousness' or non-gelatinisation affects the
burning rate of the nitrocellulose ds shown by the Time/Pressure results, can
be seen in Table 8, where the relevant data for samples 3 (MX 199) and F have
been collated.

Table 8

Analysis %
Analysi % Microscopy examinations Time/Pressure

assessment (hi sec)

Nitrogen DBP

3)
'a 199) 11.0 20.6 Fibrous material; relatively 28

coarse fibres, a high proportionpartially gelatinised with DBP

F 11.1 20.6 Fibrous material; relatively 3.2
fine, hair-like fibres

Figures 8 and 9 show the samples previously mentioned in Table 7.
Despite the very high level ofpphthalate in both sblh 6isr30834%0,3FIA5
is largely ungelatinised when compared with the material shown in Fig 8.
Comparison of Fig 6 with Fig 7 and of Fig 8 with Fig 9, shows that the degree
ol' gg&atinisation has a very profound effect upon the burning characteristics
of the plasticised nitrocellulose.

In the case of the plasticised material in prill form, the grains
which were examined showed no traces of ungelatinised nitrocellulose fibres.
Fig 10 shows however that the sample is not a homogeneous spheroid but is full
of a large number of small Voids which vary from I mm to 0.01 mm in diameter.
This may be termed a form of "porosity" and control of the degree of grain -
porosity could be a significant feature in controlling the combustion character-
istics of prilled nitrocellulose. Once the outer, relatively impervious skin
of the prill had been penetrated the large internal surfaces would be exposed
to the decomposition process, which could result in an increase in the mass
rate of burning.

5.4.2 Heat of wetting

Measurements of surface outlined in 4.2.3 showed that some types of
nitrocellulose samples exhibited considerable surface area. The measurements
at Porton (16) quoted values of 10 to 40 m2g-1 . Effects pioduced by variations
in the surface structure upon the burning of the nitrocellulose grain are shown
in Table 9 where data displayed previously have been rearranged.
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Table 9

Sample Heat of wetting Time/pressure
Sp(cal g-1) (m sec)

Nitrogen DEP

3)
3X 199) 11.0 20.6 2.2 28

- ' )
OBOD 1965) 11.1 22.4 3.7 13.5

The values for heat of wetting may be related directly to the total
surface area of the sample. The significant feature from Table 9 is that the
sample with the larger surface area burned faster.

5.4.3 Gas flow permeability

Assuming that the form of the nitrocellulose prills was a solid
spheroid, th. critical physical parameter for the combustion perfo.-mance of a
givdn composition would be surface mean diameter. By further examination of
the data obtained in 4.2.1, it appears that surface mean diameter does not
appear to be the controlling factor in determining the burning of the nitro-
cellulose. In Table 10 the specific surface (Sa) and the surface mean diameter
(S.D) have been calculated for samples 2 and 12, and the values collated with
the relevant Time/Pressure data.

Table 10

Analysis %
Sample_ W Sa Time/PressureSa pl A cm28 " 1  (m se)

Nitrogen Plasticiser

2 10.7 19.9 1.7 33 26

12 10.6 18.6 1.5 57 8.5

Samples 2 and 12 had virtually identical chemical analysis) were

produced by the same type of process (solvent process), but the rate of burning
as shown by the Time/Pressure are different. With this material surface mean
diameter does not appear to be as important as specific surface, since the
sample with the greater specific surface gave the faster burning time.
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5.5 Effect of damping liquid - isopropyl alcohol

Both samples I and J contained sufficient isopnnyl -1clhol to warrant
exemption from the Explosives AiA ard from the exp.osives classez.under RID and
ADR. Both samples burned rather rapidly in the Time/Pressure test. This
result indicated that the proportions of damping fluid used were not sufficient
to r6nder the nitrocellulose free from an axplosive deflagration risk. However
considering the remaining explosive test data - ballistic mortar and ignitability
tests - the two wetted samples were considered to present less hazard than an,7
plasticised sample.

5.6 Assessment of fire hazard and philosophy of tests

Nitrocellulose with low nitrogen content (collodion cotton grade) has
been commonly accepted as an inflammable liquid or solid hazard for most purposes
of transportation by the various national authorities.

The feature which distinguishes nitrocellulose from the majority of
other hazardous substances which occupy the inflammable goods class, is that

nitrocellulose contains its own supply of fueld and oxygen. Thus it is possible
to initiate a decomposition within a sealed container of nitrocellulose by

application of the appropriate stimuli. The commonest and one of the most
effective in causing decomposition in nitrocellulose is heat, which itself may

arise from a variety of external factors, eg

(i) Direct ignition of loose powder by sparks or flame

(ii) Ignition by impact

(iii) Ignition by friction

(iv) Ignition following application of heat from any
other external source.

5 6.1 Hazard from direct ignition

Under conditions of normal transportations, the hazard of nitrocellulose

being ignited directly from a source of ignition is extremely unlikely, provided
the container remains sealed. If a container has been damaged so that powder has
escaped then there exists a serious ignition hazard. If the material has been
desensitised by a volatile liquid (eg water, alcohols, hydrocarbons etc) then the
spilled or exposed powder will soon dry out due to local eveo;-ation of desensitis-
ing liquid and this will result in a dangerous situation. The dried-out powder
possesses all the properties and potential commonly attributed to explosive grade
nitrocellulose. In addition, if the damping fluid is inflammable then there
arises an additional hazard due to the threat of a vapour phase ignition which
could ignite the sensitised nitrocellulose. In a recent accident at the Port of
London Authority Docks, Tilbury (17) which involved two 40 gallon drums containing

343 lb of nitrocellulose wetted with isopropanol, there ;Wza grounds for believing
that the drums were not properly sealed and thus liquid and/or powder could have
escaped.

The laboratory test which provides a measure of the "ignitability" of
a sample from a spark source is the Bickford Fuze Test listed in the Appendix.
From the limited data in Tables I and 2, samples 8, 10, 11 and E, which in other
tests produced vigorous deflagration or explosive effects, all ignited and burned
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In the Ignition Test. Thus this test proves a guide to indicating those

samples which are likely to present serious hazard risk.

5.6.2 Haard from impact shock

In the course of transport and handling on dock-sides or loading
bays, it i* possible for a container of nitrocellulose to be dropped, or to
fall from a stack. Also if the vehicle on which the container is being
carried was involved in an accident, then the container could be subjected to
violent mechanical shocks or blows between hard surfaces. If the mechanical
shock was severe enough or if powder was trapped between hard surfaces, eg at
the corners of a container, then a local ignition could occur in the nitro-

cellulose. Several industrial accidents involving fires with nitrocellulose
have been reported from German sources (18), due to initiation by impact. The
ease with which such decomposition takes place can be measured by the Impact
Sensitiveness Test. This test should be used only as an indication since
quantitative interpretation of test results is only possible when uniformity of
sample and precise control of sample size can be assured. With industrial nitro-
cellulose neither of these conditions may be met due to variation in physical form
of the grain and variations within the grain structure. However all the samples
of plasticised material examined in this test proved sensitive or very sensitive
to initiation by impact.

This feature is thought to be linked to the generally fibrous nature of
the commercial plasticised nitrocellulose, since a fibrous powder (ie ungelatin-
ised or partially gelatinised) contains a mass of gas space and free solid
surface; following a violent shock, such as impact, adiabatic compression of the
entrapped gas will cause local ignitions of the solid. This hypothesis finds
confirmation in the Cartridge Case Tests (10) mentioned previously. This test
provides a measure of the ease with which a substance may be decomposed explogive
sively, and a measure of the degree of explosive decomposition following such
initiation. The method of decomposition in this test is to apply a detonative
shock to a lightly contained charge. In all experiments where plasticised
samples were tes'td, those which were more fibrous proved easier to initiate
and produced a much greater "explosion" effect.

5.6.3 Hazard from friction

Under normal conditions of transport, accidents have happened where a
drum or container of nitrocellulose has ignited as the result of frictional
heating, eg where a drum has been allowed to stand in contact with the road
wheel on a trolley or vehicle. Following movement of the vehicle an ignition
has occurred within the sealed drum. Several accidents have been reported in
which the evidence points to frictional effects providing the prime source of
decomposition (18) (19) (20). It has been established that the threshold
temperature at which nitrocellulose begins to decompose exothermically is in
the region 140-1600C. Within a metal container a relatively small degree of
local heating would be sufficient to cause the decooposition of material which
was in intimate contact with the unlined metal, since the nitrocellulose is such
a poor heat conductor.

It is doubtful if the existing tests for frictional sensitivity have
any significance for industrial nitrocellulose. The test a carried out under
ADR (21) and RID (22), also the tests as practised within the United Kingdom, all
depend. for quantitative data upon precise control of sample quantity and quality.
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As discussed in the previous sub-section, it is impossible to achieve this
degree of control with an average sample of commercial nitrocellulose.

At international meetings it has been suggested that frictional
heating may arise within a container of nitrocellulose gfains due to vibration
during transport. This could arise by movement of the grain in relation to
the container or in relation to neighbouring grains. To date there has been
no experimental evidencepput forward to support this suggestion.

5.7 Assessment of explosion haza.rd and philosophy of tests

In the explosives application ofn-lieellulose, the main use has
been in the rolc of appropellant either on its own ("single base propellants")
or in admixture with other explosives. 11hen fired in a weapon the propellant
burns in an accelerating manner to produce a maximum pressure in the breech or
chamber before the projectile has moved appreciably down the barrel. The
total charge must be consumed before the projectile is ejected. Control of
the internal ballistics of a weapon system depend upon the evaluation of many
chemical and physical parameters associated with the propellant and the gun.
One of these related to the physical nature of the propellant is termed the
Form Function (23).

A similar treatment has been given in a more simplified manner for
the ballistic performance of shotguns (24). In this case differences
obtained by varying the physical form of the propellant have been explained
in terms of (i) a fibrous powder, (ii) a non-fibrous powder, (iii) a fully
gelatinised powder. Briefly, the rate of charge consumption - ie the rate
of pressure developmxent - depends basically upon the rate of heat transfer
in the state:

Unreacted Solid - Reacting Material - Combustion Products.

Higher chamber pressures force the flame front nearer to the surface of the
unreacted powder grain, which if it has an "open" structure, allows more
efficient penetration by hot combustion products so that the entire heat
transfer process is increased.

The chief hazard, which is presented by certain samples of industrial

nitrocellulose, stems from the combustion parameters of the material being
sufficiently vigorous so that if an accidental ignition occurred within an
appropriate "chamber" or "container", the resulting combustion would proceed
in an accelerative manner and produce a denlagration as in the manner of a
propellant. Once again, the dppendance of burning rate upon pressure means
that there is an interelationship between the powder and the "container". In
the present context, "container" may refer to either the individual pack, the
complete store unit, or the self-confinement due to the inertial resistance of
unreacted nitrocellulose such as in a 300 Kg drum. In the incident quoted
previously (6) the rate of pressure development was rapid enough to produce an
explosion which caused major damage to the concrete roof of the building.

Summarising, the main factors which decide whether a nitrocellulose
fire would transform into a violent deflagration effect are:

(a) the rate of burning of the material under the
operating pressures
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(b) the pressure/time characteristics of the "container".

Adequate hazard evaluation of the product depends upon a solution of

these factors and no single laboratory test as now practiced by the various
international testing authorities seems to afford andadequate solution. Such
a range of variables is involved, eg the significance of the initial ignition
on the subsequent combustion, the parameter equivalent to Form Function (23)
for the combustion of the powder, the size and nature of individual packages,
the size and nature of the complete shipment or storehouse, that development
of a single laboratory test capable of being operated by the usual competent
testing authority, would appear to be impracticable. At E2 (Home Office) Branch,
RARDE, the main emphasis for evaluating the explosion hazard presented by indus-
trial nitrocellulose has been placed on the Time/Pressure Test. Explosive
characteristics of selected samples were confirmed by a series of additional
tests. is

5.7.1 Time/Pressure Test

In the field of testing dangerous goods, it is common practice among
test laboratories that where ex;2osion hazard has to be assessed, the laboratory
test conditions should correspond to the most seve,'e that could conceivably
occur in normal conditions of transport. In respect to industrial nitrocellulose
the sample must be made to ignite and burn under moderately severe conditions of
confinement. These conditions are fulfilled in the Time/Pressure Test.

In this test the charge of 5 g is brought to a self-sustaining decom-
position by applying a relatively small amount of heat very locally for a
relatively short time. This test is of special significance in respect of
substances which may burn or decompose exothermically producing a deflagration
and not a detonation, eg gunpowder type of substances. The standard ignition
system when fired in an empty bomb produces a pressure of approximately 50 psi
(3.5 Kgf/cm2). Further, there are often irregularities in the behaviour of the
initial stages of the ignition before a stable propagation is developed in the
test sample. For these reasons it is generally impossible to ascribe any
precise interpretation to the initial stages of the pressure/time relationship.
Attention is concentrated upon the rate of pressure rise after it has reached

100 psi (7 Kgf/cm2 ) until either it reaches 300 psi (21 Kgf/cm2) or it reaches
a maximum which is less than this. i

If the time taken for the pressure to rise from 100 to 300 psi is less
than 30 m secs (or an equivalent rate of pressure rise if the peak pressure of
300 psi is not recorded) the sample is considered as presenting an explosion
hazard. This value has been reached as a result of many years testing
dangerous materials which could not be categorised in the Explosives Class,
yet were known to possess the potential of producing an explosive deflagration
affect when decomposed under confinement. These substances have included
industrial nitrocellulose, boiler cleaning compounds, fumigant smoke compounds
and very many other solids (other than conventional explosives) which can be
brought to a self-propagating decomposition by a transient local ignition in the
absence of atmospheric oxygen. The plasticised nitrocellulose involved in the
Tooting accident (6) gave burning times of 5-10 m secs in this test.

While the above criteria define the region whereby the sample exhibits
an "explosive" behaviour, there is an area of doubt when the rate of pressure rise
is a little lower than these figures. This arises from two causes, (i) it has
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been fci;. that substances which give a slower pressure rise may behave irregu-
larly und.. the test conditions, and (ii) the substances may be subjected during
transport to special conditions of more vigorous initiation and/or confinement
which could increase the hazard. For this reason a zone of uncertainty has
been laid down and this has been found to vary slightly with the type of
hazardous material tested. For example, for those substances which ignite
readily so that there is normally a regular and predictable propagation of
the charge in the bomb, and which possess a fairly powerful explosion
potential in the Ballistic Mortar Mk IlIc, (eg industrial nitrocellulose) the
zone of uncertainty is defined in terms of a pressure rise from 100 to 300 psi
in 30 to 100 m secs, or the equivalent rate of pressure rise if the maximum
pressure does not reach 300 psi. For substances which give results in this
range it is necessary to carry out repeat tests and to give due consideration
to any special circumstances which might arise.

Samples of nitrocellulose which give a pressure rise slower than any
of the above may be judged to behave in a non-explosive manner, since if they
were involved in a fire the rate of combustion and of pressure rise would ensure
that combustion products would be vented by the "container" before the bulk of
the decomposing material was consumed.

In the Time/Pressure test, the charge of 5 g industrial nitrocellulose
is not totally consumed when the barsting disc vents. Most of the charge is
ejected unburned. Only in the case of materials which deflagrate violently,
such as a fine grain gunpowder, would the charge be burned either before the
bomb could vent or during the venting process.

If during transport conditions, a "container" of industiial nitro-
cellulose bacame ignited, then by virtue of being a fast burner, and/or the
"container" being unduly restrictive to free venting, the pressure rise could
proceed exponentially; a large proportion of the total charge would be consumed
before the container would allow the products to vent freely. Thus an explosive
effect would be produced.

5.7.2 Other tests

Most samples tested in the Ballistic Mortar Elk IIIc showed very strong
explosive power; for the plasticised samples this varied between 56 and 16% of
the value given by a standard charge of picric acid. The explosive power of
the two samples damped with isopropanol was considerably reduced, being between
17 and 1.3% of picric acid. Although this test has significance in deciding
the degree of explosive hazard shown by many types of dangerous goods, in the
context of the degree of explosive hazard presented by industrial nitrocellu-
lose it does not warrant the weighting which the Time/Pressure test attracts.
In the previous section the mechanism whereby an ignition in this material may
give rise to explosions has been discussed. It is thought that explosive
decomposition of industrial nitrocellulose is achieved by a deflagration-
burning mechanism and not by a shock-propagation. Therefore any laboratory
test which is based upon a detonative type of ignition is considered of
secondary importance when assessing the explosive hazard of this material.

In the firing trials carried out with the 12-bore shotgun (Table 6)
the sample of plasticised nitrocellulose produced a similar propulsive effect
to that provided by corresponding charge weights of gunpowder or a normal
sporting powder. The significant difference between the combustion properties
of the recognised explosives and that exhibited by sample E was that the
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relatively weak flash from the cap alone di4 not provide adequate ignition for
the latter. In order to boost the initial combustion of sample E in the gun
chambers, it was necessary to add a small amount (0.3 g) of fine gunpowder to
the base of the cap. By this the weak flash from the cap was augmented by
the flame and hot particles from the gunpowder, thus providing adequate ignition
for the plasticised nitrocellulose. In itself, the small priming charge made
a negligible contribution towards the ultimate ballistic performance of the
charge, as may be noted in experiment 4 of Table 6.

Fired in the Cartridge Case Test (10) sample E could be made to
produce the same or even more violent explosion effect than that given by
gunpowder G12 or G20.

6. CONCLUSIONS

6.1 Samples of industrial nitrocellulose received at E2 (Home Office)
Branch, RARDE, Vloolwich, over the period 1965-1967 have been examined by
various tests. The effects of common industrial hazards upon material as
offered for transport have been discussed with reference to its properties
and the role played by the container. The test behaviour of s~mples which
comply with current British and European transport regulations, leads to the
conclusion that these regulations may have originated from the convenience of
established industrial practices, rather than from an evaluation of controlled
hazard testing.

6.2 With particular reference to plasticised nitrocellulose, the present
regulations are incapable of preventing the transport of material which is
considered, as a result of the present examination, to offer a serious fire and
explosion hazard. For example in some plasticised nitrocellulose which was
considered to possess definite explosive properties, the constituent nitro-
cellulose had a nitrogen value of only 11%; other samples which contained up
to 30% dibutyl phthalate as plasticiser could also display explosive properties.

6.3 The plasticised samples complied with the various national and inter-
national regulations for nitrocellulose which is exempted from explosive
regulations, yet it is concluded that under limiting conditions of confinement,
all the material could give rise to explosive effects if they were involved in
a fire. Four samples (viz 8, 10, 11 and E) were considered to present a
serious explosion hazard and this feature was demonstrated by special tests.

6.4 The selection of material for test did not form part of a controlled
bxperiment, so the pattern of samples must be considered as random. Thus no
one of the various factors thought to influence the hazardous behaviour of
industrial nitrocellulose could be systematically varied and studied. The
present work has shown that there are at least three factors which have been
identified as exerting considerable influence upon the hazardous properties of
the material:

(i) Total nitrogen in the sample

(ii) Total desensitiser in the sample

(iii) A vomplex factor relating to composition and
structure of the powder grain; this is thought to
have analogies with the Form Function which is used
in tht technology of propellant combustirn.
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The latter factor appears to have a greater significance than either (i) or
(ii) in the case of plasticised nitrocellulose which has been made either by
the hot-rolling method or by the "solvent" method.

6.5 There is a requirement for the development of tests which are more
specific for determining the hazard characteristics of industrial nitrocellulose.
It is considered that most reliance should be placed upon tests which can quantify:

(i) The ease with which a decomposition may be
initiated in the powder.

(ii) The combustion behaviour of the powder-
container assembly.

Of those routine tests used in the present work, the Spark Ignition and Impact
tests provide a measure of (1) above and the Time/Pressure test provides a
measure of (ii).

7. RECOMMENDATIONS

It is recommended that further work should be carried out to:-

1. Define the effect on ignition susceptibility and on explosion potential of:

(i) various quantities of damping fluids

(ii) various qualities of plasticiser

(iii) varying degrees of gelatinisation

(iv) varying total nitrogen content.

2. Improve test techniques so that definitions and regulations which may in
future be used to control the hazard presented by industrial nitrocellulose,
will be agreed by the various test authorities. This includes consideration
of the properties of the powder and of the effect of the container.
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APPENDIX

TEST METHODS

1. oAnalysis

1.1 Determinations of plasticiser content

Determination of plasticiser content was carried out by solvent
extraction methods which were currently used by the manufacturers of industrial
nitrocellulose and by various testing agencies. The method normally used in
the present work was based upon that adopted by Imperial Chemical Industries
(11). This involves extraction of the sample, with chloroform in a Soxhlet
apparatus for 5 hours. Previous to extraction the sample was dried in a
vacuum dessicator, then ground with sodium chloride and acetone to a thick paste.
This was allowed to dry then reground to a fine powder. After chloroform
extraction, the residues were washed with boiling water to remove sodium
chloride, then dried to constant weight. The loss in weight gives the
plasticiser content.

This method is tedious and the repeatibility is not good due mainly
to errors which occur in the grinding and the subsequent transfer stages. A
simpler extraction method based upon that adopted by BX Plastics (12) was also
used. This method gave values which correlated with the acetone-salt method
for the samples which were under investigation.

1.2 Determination of nitrogen in the c'mpound nitrocellulose

During the initial stages of this investigation, the nitrogen content
of the constituent nitrocellulose was determined by a simple titrimetric method
based upon the acid hydrolysis of the nitrocellulose as originally shown by
Bowmann and Scott (13). As the test programme developed, other methods were

tried and modified. Eventually a modified form of titrimetric technique was
adopted using ferrous ammonium sulphate followed by either a "dead-stop" or a
potentiometric technique (14).

2. Sensitiveness to impact

A standard sample is retained between a steel striker and a steel
anvil; the striker is hit by a 1 lb steel ball (0.45 Kg) falling freely from
a selected height. The height from which the weight drops to produce an

audible explosion is a measure of the impact sensitiveness. The results are
normally quoted as the height in inches at which ignition may be expected with
a probability of 0.5. This is known as the 50% drop height.

3. Ignitability (ignition by sparks)

This test is laid down in the Manual of Explosives Safety Certificate
Sensitiveness Tests, it is also very similar to the Ignition by Sparks test which
is used by the German Authorities at BAM, Dahlem, Berlin. Sparks from the end
of a length of Bickford fuze are directed onto the surface of the sample which
is held in a test tube. The behaviour of the sample is noted as follows:-
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(i) Ignition, followed by an explosion effect.

(ii) Ignition and smooth burning; time in seconds.

(iii) Ignition, followed by subsequent failure of
combustion to propagate completely.

(iv) No ignition (NI.) in three tests.

4. Response to detonative shock

4.1 Ballistic Mortar Mk IlIc

In the BM Mk IlIc a 10 g charge is fired under very heavy confinement
using a No.8 conical-base detonator. The energy released on detonative impulse
is approximately proportional to the square of the length of the horizontal
component of its swing. The result is expressed as a percentage of the recoil
effect prceaced by 10 g of a standard picric acid fired under the same conditions.

4.2 Baliatic Mortar Mk I

In the BM Mk I a 10 g charge is fired with virtually no confinement
using a No.6 flat-based detonator. The principles of measurement are very
similar to those for the BM Mk IlIc but the rrrtar body is much lighter. The
result is expressed as a percentage of the recoil effect produced by 10 g of a
standard picric acid fired under the same conditions.

5- Time/pressure test

The apparatus consists of a small steel bomb capacity 18-20 ml fitted
with an ignition device and connected to a pressure recorder. The bomb is a
steel cylinder 3.5 in long by 0.8 in diam (89 x 20 mm 0). One end is closed
by a stout plug housing the ignition system and the other end by an aluminium
disc which bursts at 300 psi (21 Kgf/cm 2). The bomb is supported by a tubular
fitting screwed into the curved surface, which also serves to transmit the
operating pressure to the gauge. A Dobbie McInnes Small Engine Indicator
records bomb pressure directly by moving a pen arm against a revolving drum.
The ignition system consists of an electrically fired match head, around which
is wrapped a small qquare (0.1 g) of primed cambric.*

When fired in an empty bomb the ignition system alone produces
pressures up to 50 psi (3.5 Kgf/cm 2). To reduce variations which can occur
during the initial stages of charge decomposition (due to the low-energy
ignition source) only that portion of the record between the pressure limits

Footnote: *Primed cambric is used extensively for providing a controlled but
hot source of ignition. It consists of a linen, coated on both sides with a
potassium nitrate-silicon composition.
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100-300 psi (7 to 21 Kgf/cm2 ) is deemed useful. The 3ombustion characteristic
of the sample is taken as the time in milliseconds for the bomb pressure to rise
from 100-300 psi, or if the disc burst below 300 psi, the time that it would have
taken to reach 300 psi.

At E2 (Home Office) Branch, RARDE, the bomb is always fired with the

Ignition plug at the bottom so that the charge (5 g) is in intimate contact
with the ignition device.

6. Surface (area) measurements on plasticised nitrocellulose prills

6.1 Method

After sieving out irregular particles on a 1.67 mm sieve (BS 10 mesh)
10 g was transferred to a precision bore glass tube 20 fimDI.D. Sapp6r&iQ'ijlugs
of wire gauze were used at each end and the length of the particle-be4 between
the plugs was carefully measured. The tube containing the packed bed was then
connected into an air flow system which included a rotameter calibrated in
litres/minute air and a water filled manometer to measure the pressure drop
across the bpd.

To obtain the pore volume of each bed, a bung and stcr-cock was fitted
to one end of the bed tube, water pulled in to the lower surface of the bed and
the weight recorded. After raising the water to the top of the bed zhe weight
was again taken and the difference used to calculate the volume of the boids and
a density figure.

Area per unit volume was calculated as follows:-

So = (Ar : AR cm2/cm3So=(5 (l-E), n'rLqe )

where A = area of cross section of bed t6.be in cms2

pore volumec = porosity of bed bed volume

AP = pressure drop across bed in dynes

n = viscosity of air in poises

L = length of bed in cms

qo = rate of flow of air in cm/sec

S= surface area per unit volume

Sa =surface area per unit mass

4
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Table 1. Commercial plasticised nitroci

Sample Analysis %

Reference Type (mM) Plasticiser Kitroginl

I- NX 197 Flat sheet 0.48 to 0.63 19.5 10.6
HOIF 17/5/65 thick

2. &I 198 Spherical 11 to 2 # 19.9 10.7
MUF 17/5/65 Grains

3. NX 200 Chip 3 x 3 x 13- 20.6 11.0

HLIF 17/5/65 h

5. R.1507 Sample I Spherical 1A to 2 0
MiIE 9/1/65 Grains

6. R.1507 Sample 2 Spherical I to 2 %
HIIE 1/10/65 Grains

7. OECD Sample 1965 Chip 3 x 3 x 1 22.4 11.1

8. R.1540 Flat sheet 1.0 thick 16.0 11.4

9. Sample 15/6/65 Chip 3 x 3:1T x 1- 19.2 10.7

10. IM X 224 ) Curled I to 1* thick 22.7 11.5
-I HIF 5/5/65 No. I ) flake

11. NX 224 ) Curled 1 to 14 thick -
HI.I"" 5/5/65 No.2 flake

12. R.1590 )I Spherical I to 2 18.6 10.6
HMIE 5/1 1/66 Grains

13. R.1618 ) Spherical I L 18.8 10.6
HIIE 16/11/67 ) Grains (some larger)

Note: (1) Percent nitrogen in constituent
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PMC99T I PG KAiW.NO rn=W)

ercial plasticised nitrocellulose 1965-67

Analysis % Ballistic ldortar

Igniti- (m sec) Impact
bilityheight

Plasticiser Nitrogen 100-300 Psi (is MkIC laI

19.5 1o.6 Ignition- 14 24 41 0.7

.5 seconds

19.6 10.7 Ignition- 26 26 20 0.6
50 seconds

20.6 11.0 Ignitton- 28 21 30 0.5
5 seconds

20.4 10.6 26 20 32.0 o.6

- 16 35 16 0.3

24 26 19 0.7

22. 11.1 Ignition- 13.5 23 46 1.0
3 seconds

16.0 11.4 - 4.5 15 54 5.0

19.2 10.7 - 18.5 26 - -

22.7 11.5 Ignition- 7.3 19 34 0.3
3 seconds

- Ignition 5.7 33 33 1.4

2 seconds

18.6 10.6 - 8.5 25 20 0.6

18.8 10.6 18.0 - -

ent nitrogen in constituent nitrocellulose
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Table 2. Commercial nitrocellulose spe

Samples received 19

Sample Analysis
~Ignitibi

Reference Nominal compn Type Plasticiser Nitrog n

A 30% DBP Flake 31.1 11.0 No ignit
Medium nitrogen

B 30% 1BP Flake 30.2 11.4

High nitrogen

C Flake 21.2 10.9 Ignition
2-3 seco

D Flake 21.4 11.6

E 20% DBP Flake 19.3 11.0 Ignition
Medium nitrogen 2-3 seco

F 20" DBP Chip 20.6 11.1 Ignition
Medium nitrogen 2-3 seco

G 24% DBP Crumb 22.5 10.7 No ignit
Medium nitrogen

H 24% DBP Crumb 22.4 10.6
Kedium nitrcgen

I 30 c IPA (2) Cotton 40.1(3 )  11.4 No ignit
High nitrogen linters

J 30 1IPA (2) Wood 31.3 (3 )  11.5 No ignit
High nitrogen pulp

Note: (i1 Percent nitrogen in C
(2) Unplasticised NC watt

(3) IPA content

/
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Commercial nitrocellulose special samples

Samples received 1966

Analysis % TimePressure Impact Ballistic

J Ignitibility (m sec) height Mortar

ticiser Nitrogn 100-300 pi (ins) Mk IIIc

.1 11.0 No ignition 8.0 31 27

.2 11.4 4.8 37 30

.2 10.9 Ignition - 12.0 43 -

2-3 seconds

.4 11.6 6.4 31 -

.3 11.0 Ignition - 3.0 38 42
2-3 seconds

.6 11.1 Ignition - 3.2 37 -

2-3 seconds

.5 10.7 No ignition 16.0 32 19

.4 10.6 17.0 34 17

.10 )  11.4 No igr:ition 5.2 - 1.3

.3(3) 11.5 No ignition 16.3 - 17

ote: ( i Percent nitrogen in constituent nitrocellulose
(2) Unplasticised NC wetted with isooropyl alcohol (IPA)
(3) IPA content

29.



FIGS. I&2

30mm

FICAI PLASTICISED NITROEL0S

30MM

FIG.2 PLASTICISED NITROLLLOSEM



FIGS. 3&M

CHP

30 mm

EIG. PLASIC ISED NIOCELLULOSE



01- ON-

FIGS. 5&6

CRUMB

FIG. 5 PLASTICISED NITROCELLULOSE

FIG. 6 SAMPLE MX 199 NITROGEN 110%
P.LASTJ.ICSR&A TIP 26-30 mis



FIGS.7&8 I

4

2mm,

FIG. 8 SAM PLE 8 NITROGEN 11-4 o1a
PLASTICISER 30*Z2% TIP 44MIS



FIGS. 9 &I0

2mm

I5

I

FIC9 CHIP NITROCELLULOSE DIPPED IN DIBUTYLPHTHALATE

NITROGEN 11"40k PLASTICISER 31.1% TIPS2 MIS

zmm

ic

FIG.IO SAMPLE R1618 NITROGEN 10.61a
PLASTICISER 18.8 T/P 18 mIS
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